In order to clarify this question neuroendocrine challenges with oral doses of ipsapirone (0.3 mg/kg) Neuropharmacological challenges with the selective 5-hydroxytryptamine-1A (5-HT1A) receptor agonist, ipsapirone, have been used in several studies to assess 5-HT1A-receptor related functions in patients suffering from various neuropsychiatric disorders (Broocks et al. 2000; Lesch et al. 1990a; Lesch et al. 1991; Lesch et al. 1990b; Lesch et al. 1992 ) and in healthy controls (Broocks et al. 1999; Kahn et al. 1994; Lesch et al. 1990c; Lesch et al. 1990d) .
Neuropharmacological challenges with the selective 5-hydroxytryptamine-1A (5-HT1A) receptor agonist, ipsapirone, have been used in several studies to assess 5-HT1A-receptor related functions in patients suffering from various neuropsychiatric disorders (Broocks et al. 2000; Lesch et al. 1990a; Lesch et al. 1991; Lesch et al. 1990b; Lesch et al. 1992 ) and in healthy controls (Broocks et al. 1999; Kahn et al. 1994; Lesch et al. 1990c; Lesch et al. 1990d) .
Indices of abnormal serotonergic function have been reported in patients with panic disorder (PD) and/or agoraphobia (PDA). In particular, there is evidence for an increased sensitivity of the 5-HT 2C subsystem (Charney et al. 1987a; Charney et al. 1987b; Kahn et al. 1988a; Kahn and Wetzler 1991; Kahn et al. 1988b) . In contrast, stimulation of 5-HT 1A receptors by ipsapirone was followed by an attenuated hypothermic and ACTH/cortisol response in patients with PDA (Broocks et al. 2000; Lesch et al. 1992) .
In healthy controls, ipsapirone produces dose-dependent increases in plasma cortisol and ACTH as well as dose-dependent reductions in body temperature (Cowen 2001; Kahn et al. 1994; Lesch et al. 1989 ). Ipsapirone acts on specific serotonergic mechanisms in the brain through its high-affinity binding to the 5-HT 1A receptor subtype. The binding sites are predominantly located on serotonergic neurons in the raphe nuclei (presynaptic autoreceptors) and in limbic structures (postsynaptic receptors). Agonistic properties at presynaptic somatodendritic sites have been observed, resulting in decreased serotonergic neurotransmission (Peroutka 1985) . Concerning the high selectivity of ipsapirone, it has to be considered that the metabolite 1-(2-pyrimidinyl)-piperazine (1-PP) has been found to exert antagonistic effects at pre-and postsynaptic ␣ 2-adrenoceptors (Blier et al. 1991; Miller et al. 1992) .
Several lines of evidence suggest that serotonergic neurotransmission, including the regulation of 5-HT1A receptors, is affected by nicotine (Benwell et al. 1990 ; Kenny et al. 2001) . Recent studies show that some of nicotine's psychotropic and endocrine effects are exerted by stimulation of 5-HT1A receptors on dorsal raphe neurons (Cheeta et al. 2001; Mihailescu et al. 2001 ).
There is a high incidence of smoking in patients with anxiety and other psychiatric disorders (Breslau et al. 1993; Glassman 1993; Kendler et al. 1993; Marks et al. 1997; Miller and Gold 1998; Sellman et al. 1999 ). To our knowledge, no clinical studies have examined the question of whether psychological or neurobiological effects induced by serotonergic agents such as ipsapirone are affected by the smoking status of a patient. Many challenge studies do not report the smoking status of their patient sample. Because control subjects are usually required to be nonsmokers, the presence of a subgroup of smokers within the patient sample might well represent an important confounding factor, modifying the neuroendocrine and the psychological responses to a given challenge agent. In the present article, we have compared psychological and physiological responses to oral doses of ipsapirone (0.3 mg/kg) in 17 PD patients who were regular smokers ( Ͼ 10 cigarettes per day) with those of a group of patients who had been nonsmokers for at least two years (n ϭ 22).
MATERIALS AND METHODS

Subjects
Patients with diagnoses of moderate to severe PD (with or without PDA) according to DSM-IV and ICD-10 criteria (age range: 18-50 y) were recruited by physician referral and from the Outpatient Anxiety Disorders Unit of the Department of Psychiatry at the University of Göttingen for participation in a treatment study, which has been reported elsewhere (Broocks et al. 1998) . Forty out of the 46 patients gave written consent to participate in this study. Diagnoses were made by an experienced psychiatrist using the Structured Clinical Interview for DSM-III-R. The following scales were used to assess the severity of the condition: Hamilton Anxiety Scales (HAMA) (Hamilton 1969 ), Bandelow Panic and Agoraphobia Scale (observer-rated version: BPAS-O, patient-rated version: BPAS-P (Bandelow 1995) , Clinical Global Impression (rater version: CGI, patient version: PGI (NIMH 1976) . Exclusion criteria were pregnancy, lactation, significant medical illness, bipolar affective disorder, psychotic symptoms, drug dependency (alcohol, benzodiazepine, or other), anorexia or bulimia nervosa, and body weight below 80% of ideal body weight. All patients were in good physical health and had a normal physical examination, electrocardiogram, and routine laboratory tests (renal, hepatic, pancreatic, hematological, and thyroid functions) prior to inclusion in the study. Patients taking psychotropic medication were required to discontinue this medication at least three wk before baseline. During this time, only single doses of promethazine (25-50 mg) were allowed in the event of severe panic attacks. No medication was allowed 48 h prior to the challenge. Urine analysis for benzodiazepine intake was performed in all patients. For statistical analysis, patients were divided into two groups: non-smokers (n ϭ 22), who were required to have been abstinent for at least two y, and smokers (n ϭ 17), who were defined as having a regular habit of smoking more than 10 cigarettes per day for at least six mos (average number of daily cigarettes was 17, with a range of 10-40 cigarettes per day). One patient was excluded from the statistical analysis, because she smoked only 5-10 cigarettes per day.
After the entire procedure had been explained, all participants gave written informed consent. All procedures have been carried out in accordance with the Declaration of Helsinki. The trial was approved by the Ethics Committee of the Medical Faculty of the University of Göttingen. There was no financial support from any commercial organizations.
Challenge procedures
All patients participated in two challenge sessions conducted in a randomized double-blind fashion on separate days with an interval of at least 48 h between the two challenges.
Because the cortisol baseline secretion is known to be more stable during the afternoon, the procedure was performed in the afternoon. On the day of each challenge session, subjects arrived at the sleep laboratory of the Department of Psychiatry at approximately 12:30 h for a standardized meal. During the challenge sessions, subjects abstained from eating, drinking, or sleeping, and remained supine with the head elevated. Smoking was not permitted on the study day. At 13:00 h, an intravenous catheter was inserted into an antecubital vein for repeated blood sampling. At 14:30 h, 2-4 capsules of either ipsapirone (0.3 mg/kg) or placebo were administered orally in a randomized, double-blind manner.
Behavioral effects were assessed using a modified version of the NIMH Self-Rating Scale that comprises 24 questions and defines six subscales of behavioral change: anxiety, activation-euphoria, altered self-reality, depressive affect, dysphoria, and functional deficit (Murphy et al. 1989 ). In addition, anxiety ratings were also assessed by the Acute Panic Inventory (Dillon et al. 1987) . Behavioral ratings were completed at 14: 00, 14:30, 15:00, 15:30, 16:00, 16:30, 17:30, and 18:30 h. Baseline blood samples were drawn at 14:00 and at 14:30 h (immediately prior to capsule intake), and serial blood draws were subsequently made at 15:00, 15:30, 16:00, 16:30, 17:30, and 18:30 h. Samples of blood were immediately placed on ice, centrifuged within 15 min of collection, and the plasma stored at Ϫ 80 Њ C until assay. Plasma samples were assayed for cortisol, prolactin, noradrenaline, adrenaline, and plasma concentrations of ipsapirone.
Throughout each challenge session, oral temperature as well as blood pressure and heart rate were measured at 30-min intervals. At the end of the procedure, subjects were asked whether they had experienced any psychological or somatic symptoms during the afternoon. If so, they were further asked whether these symptoms were identical or at least very similar to panic attacks.
Plasma concentrations of ipsapirone were measured by HPLC and UV detection. Prolactin and cortisol were determined by ELISA (Immundiagnostica Enzym Test™ Cortisol (# 1288946) and Prolactin (# 1448609), Boehringer-Mannheim, Germany). The interassay variability was 6.5-7.5% for prolactin and 6.2-7.9% for cortisol.
Data analysis
The maximum difference of a response parameter was determined to be the primary response criterium. It was calculated individually using the greatest positive difference between the baseline value and each of the six time-points following the administration of the challenge agent. Exact Wilcoxon analysis was used to compare the maximal response to ipsapirone to the maximal response observed after placebo intake, repectively. This statistitical approach was chosen because analyses that include all time-points can mask differences in maximal response that may occur at only one time, and because differences in resorption lead to a high variability concerning the time course of changes in oral studies.
Exact Wilcoxon analysis was also performed to compare the behavioral, neuroendocrine, and temperature changes induced by ipsapirone in patients who smoked with those in patients who did not. To assess temperature changes after administration of ipsapirone, maximal decreases of temperature were calculated.
The baseline values for all psychobehavioral and neuroendocrine data on the two challenge days were used to calculate a mean baseline value for every subject. In a second step, these means were used to compare baseline variables of smokers with those of non-smokers by exact Wilcoxon analysis. p -values were adjusted by the Bonferroni-Holm method. Categorical data were compared by means of Fisher's Exact Test. Two-tailed tests were used throughout. All statistical analyses were performed by means of SAS 8.0 software (SAS 1989) .
RESULTS
Comparability of Severity of PD and/or Agoraphobia in Smokers and Nonsmokers
There were no statistical differences in terms of age and sex distribution between the two patient groups (Table 1) . Average values on the psychometric scales show that patients in both groups suffered from PDA of a moderate to severe degree. Symptom severity as measured by two self-rating scales (BAI and BDI), and two observer-rated scales (HAMA and MADRS) did not reveal any significant differences between smoking and nonsmoking patients. There was a nonsignificant trend indicating somewhat higher depression ratings in the subgroup of smokers ( p ϭ .07, exact Wilcoxon analysis). Symptom severity was assessed prior to starting a treatment of PD that was usually done in the week following the two challenge sessions.
Plasma concentrations of ipsapirone measured across the challenge procedure, with the maximum values observed 90 min after drug intake (43.6 Ϯ 18.7 g/l in smokers and 38.1 Ϯ 13.2 g/l in nonsmokers). This was followed by a gradual decline with nearly identical ipsapirone levels 180 min and 240 min after drug intake. Statistical analysis by ANOVA did not reveal any significant differences between smokers and nonsmokers with regard to plasma concentration changes of ipsapirone. Table 2 shows mean baseline values for behavioral and hormonal data calculated from the baseline parameters of the two challenge days. The subgroup of PDA patients who, though smokers, were not allowed to smoke before and during the challenge sessions, had significantly lower plasma concentrations of cortisol and a significantly lower body temperature than the nonsmokers. They also showed a statistical trend ( p ϭ .066) toward decreased prolactin levels.
Comparison of Psychobehavioral and Neuroendocrine Variables at Baseline
Psychobehavioral Responses to Ipsapirone
In nearly all patients, intake of ipsapirone was followed by various psychological and physical symptoms such as dizziness, anxiety, nausea, dysphoria, altered self-reality, and drowsiness. Symptoms were most pronounced 30-90 min after intake. In both smokers and nonsmokers, about half of the patients experienced pronounced anxiety that was described to be identical or at least very similar to naturally occurring panic attacks. Statistical comparison of the ipsapirone and the placebo challenge revealed that administration of ipsapirone was followed by a significant increase of self-rated anxiety, activation, dysphoria, and functional deficits in both smokers and nonsmokers ( p Ͻ .05, exact Wilcoxon analysis, Figure 1) . A significant increase in activation was observed only in nonsmokers, whereas increased depressive symptoms were reported only by the group of smokers. In summary, no significant differences could be detected when the psychobehavioral responses of smokers were directly compared with those of nonsmokers (Figure 1) . Accordingly, no significant differences between smokers and nonsmokers were observed when the Acute Panic Inventory was used (data not shown). Figure 2 shows the mean maximal changes in hormone concentrations in patients with PDA after adminstration of ipsapirone or placebo. In comparison with placebo, intake of ipsapirone induced a significant increase of cortisol in both groups of PDA patients (smokers and nonsmokers). There were no significant changes in prolactin levels. In the group of PDA patients who were smokers, the ipsapirone-induced increases of cortisol concentrations were about twice as high as in the nonsmoker group ( p ϭ .034, exact Wilcoxon analysis). In addition, body temperature decreased significantly in both patient groups in comparison with the placebo condition. The hypothermic response to ipsapirone seemed to be more pronounced in smokers than in nonsmokers ( p ϭ .053, exact Wilcoxon analysis).
Neuroendocrine and Temperature Changes
DISCUSSION
The major finding of this study is a significantly increased cortisol response to ipsapirone in PDA patients who were smokers but were not allowed to smoke on the challenge day compared with nonsmoking patients suffering from PDA of comparable severity. In addition, a positive smoking status was associated with markedly reduced baseline concentrations of cortisol and a significantly reduced body temperature preceding administration of ipsapirone or placebo. Plasma concentrations of ipsapirone were not different between smoking and nonsmoking patients. Because changes in cortisol secretion and body temperature are considered as two important endpoints in neuroendocrine challenge paradigms assessing 5-HT 1A receptor-related functions, these results emphasize the necessity to pay regard to the smoking status of the patient sample.
Psychoneuroendocrine Effects of Smoking and Smoking Cessation
Habitual smokers had significantly elevated salivary cortisol levels after having smoked two cigarettes (Kirschbaum et al. 1992 ). This stimulating effect of smoking on cortisol secretion is likely to be related to the neuropharmacological actions of nicotine, as intravenous administration of nicotine produces a dose-dependent increase in cortisol and ACTH in human subjects (Newhouse et al. 1990 ). These effects were accompanied by increased anxiety and a decrease in mood ratings (Newhouse et al. 1990) . In contrast to the acute effects of nicotine, chronic exposition was associated with a decreased basal secretion of ACTH and cortisol in animal experiments (Balfour 1989) . Accordingly, one way of explaining our findings consist of the hypothesis that smokers might repeatedly stimulate their HPA axis during the day. In order to avoid hypercortisolism, counter-regulatory mechanisms are likely to be activated in smokers. Because of these mechanisms, sudden abstinence from smoking might result in low cortisol levels, as observed in the present study. DSM-IV has included a nicotine withdrawal syndrome that is characterized by craving for cigarettes, irritability, anxiety, inner tension, and concentration difficulties. These symptoms are usually observed within the first two weeks after sudden cessation of smoking, although some can be experienced as early as 4-6 h after the last cigarette. The present data suggest that the patients who were smokers but were prevented from smoking did not suffer from a significant withdrawal syndrome at the time of the challenge procedure. Because the patients were not allowed to smoke on the challenge day, all of the smokers reported that they had had their last cigarette the prior evening. One of the limitations of our study is that abstinence from smoking on the challenge day was verified only by self-report and could not be controlled objectively as the patients arrived at the laboratory at noon. Nevertheless, based on the known stimulating effects of nicotine on cortisol secretion, the markedly reduced cortisol concentrations at baseline are likely to be a neuroendocrine consequence of abstinence from smoking. Such neuroendocrine changes might well precede any psychological withdrawal symptoms. We hypothesize that smokers depend on their daily number of cigarettes in order to maintain an adequate activity of the HPA axis.
Interaction of Smoking with the Serotonergic Neurotransmitter System
In a human postmortem study (Benwell et al. 1990 ), smokers were characterized by significantly decreased concentrations of 5-HT and 5-HIAA in several brain regions (hippocampus, nucleus raphe, rectal gyrus). In addition, the density of 5-HT1A receptors appeared to be increased in the hippocampus of smokers (Benwell et al. 1990 ). The authors conclude that some of the psychotropic effects of smoking might be mediated by serotonergic receptors. In male rats, acute nicotine withdrawal was associated with a significant elevation of the auditory startle response. This effect could be blocked by pretreatment with 5-HT-1A antagonists, indicating that 5-HT-1A receptors play a role in the neurophysiology of nicotine withdrawal (Rasmussen et al. 1997) . Recent studies show that some of nicotine's psychotropic and endocrine effects are exerted by stimulation of 5-HT1A receptors on dorsal raphe neurons (Cheeta et al. 2001; Mihailescu et al. 2001) , and that 5-HT1A receptor gene expression in the cerebral cortex and dorsal hippocampus is regulated by nicotine .
Smokers often report that smoking a cigarette has a calming effect in stressful situations (Gilbert 1979) , and that it might improve concentration. However, it has been argued that the stress perceived by smokers results from withdrawal effects that are relieved by selfadministration of nicotine (Richmond 1994) . In a recent PET study, IV nicotine induced a dose-dependent increase in several behavioral parameters, including feelings of "rush", "high," and "drug liking." Nicotine also induced a dose-dependent increase in neuronal activity in distributed brain regions, including the nucleus accumbens, amygdala, cingulate, and frontal lobes (Stein et al. 1998) . Activation of these structures is consistent with nicotine's behavior-arousing and behavior-reinforcing properties in humans. The observation that ipsapirone evoked depressive symptoms only in the smokers with PDA is reminiscent of studies reporting that sudden abstinence from smoking leads to depressive symptoms in many smokers and has been associated with relapse in patients with a history of major depression (Breslau et al. 1998; Tsoh et al. 2000) . There is evidence that the use of bupropion decreases the risk of relapse in these patients (Patten et al. 1999) . Data from a recent study suggest that prior smoking might predispose to occurrence of panic attacks (Breslau and Klein 1999) , but further research is required to elucidate the relationship between smoking and the development or maintenance of PD. Ipsapirone induces cortisol secretion via release of ACTH rather than by direct action on the adrenal gland (Przegalinski et al. 1989) . The assumption that ipsapirone's hypothermic effect and the stimulation of ACTH and cortisol primarily reflect 5-HT 1A receptor function is also supported by the observation that these responses can be antagonized by 5-HT 1A receptor antagonists (Goodwin et al. 1987; Hamon et al. 1987) and by recent findings confirming the utility of hypothermia as a robust in-vivo probe of 5-HT-1A receptor function (Cryan et al. 1999; Oerther and Ahlenius 2001) . However, further studies are necessary to clarify whether cortisol and temperature responses are mediated by different mechanisms (Cowen 2001) .
The Hypothalamic-Pituitary-Adrenal System in PD
In normal individuals, stress conditions result in elevated cortisol concentrations in plasma (Hellhammer 1989) . Because patients with PD suffer from acute attacks of anxiety and sometimes from constant anticipatory anxiety, it has been speculated that cortisol levels would be increased temporarily or permanently in these patients. In fact, there is some evidence that the hypothalamic pituitary-adrenal (HPA) system is overactive in patients with PD, but up to now the data have been inconclusive. Baseline plasma levels of cortisol were reported to be elevated in panic patients by some authors (Goldstein et al. 1987; Nesse et al. 1984; Roy-Byrne et al. 1986 ). (Hollander et al. 1989) found elevated baseline plasma cortisol levels only in a subgroup of panic patients. Night-time urinary excretion of cortisol, norepinephrine, and epinephrine was significantly elevated in drug-free patients compared with normal individuals (Bandelow et al. 1997; Bandelow et al. 2000b) . Measurements were repeated after 4 wks, and the same differences were found again (Bandelow et al. 1997 ). These results were in agreement with an earlier study investigating 24-h secretion of cortisol, which had reported overnight hypercortisolemia (Abelson and Curtis 1996) . Recently, we have reported significant elevations of saliva cortisol levels during spontaneously occurring panic attacks (Bandelow et al. 2000a ). Other authors, however, found normal baseline plasma levels in panic patients (Brambilla et al. 1992; Cameron et al. 1987; Cameron and Nesse 1988; Liebowitz et al. 1985; Villacres et al. 1987; Woods et al. 1988) . One possible explanation for these discrepant findings could be related to the observation from the present study showing that temporary withdrawal from smoking leads to a reduction of baseline cortisol levels, thus masking an overactive HPA axis in PD patients. Other possible confounding factors, however, must also be taken into consideration when explaining discrepant findings of former studies of patients with PD, e.g., reduced motor activity, abnormal eating habits, or comorbid depression. An important limitation of our study is the fact that no control group has been examined with an identical study design. Consequently, it cannot be concluded that similar findings will be present in healthy controls.
Implications for Neuroendocrine Challenge Procedures
To our knowledge, there are no prior reports that the smoking status of the subjects affects neuroendocrine responses to ipsapirone. PDA patients who were smokers, but not allowed to smoke on the challenge day, showed an increase of cortisol after administration of ipsapirone that was nearly two-fold in magnitude when compared with the cortisol responses of the group of nonsmoking patients. This finding is of great practical relevance. In comparison with the cortisol response to ipsapirone reported in healthy nonsmokers, only the subgroup of PDA patients who are nonsmokers displays a significantly reduced responsiveness of 5-HT 1A receptors, which was first described by Lesch et al. (1992) .
One way to handle this problem in future studies would be to exclude smokers from neuroendocrine studies assessing 5-HT 1A receptor-related functions. But because of the high percentage of smokers among patients with psychiatric disorders, this would be a major obstacle to the recruitment of patients. Alternatively, patient and control samples could be matched not only for sex and age, but also for smoking status. In the latter case it might be advisable to allow smokers to smoke before and during a challenge according to their usual habits in order to prevent any withdrawal effects. Challenge procedures, however, have to be validated with regard to acute smoking effects; this might also lead to a high variability of the psychological and neuroendocrine endpoints in a sample consisting of smokers and nonsmokers.
CONCLUSION
Sudden abstinence from smoking is associated with a significant reduction of cortisol secretion, a significantly reduced body temperature, and an exaggerated cortisol response to 5-HT1A receptor stimulation by ipsapirone. These results emphasize the importance of controlling for smoking status in neuroendocrine challenge studies that compare patients with different neuropsychiatric disorders or patient samples with control subjects. Smoking has to be considered as a psychopharmacological comedication exerting its own effects on certain brain receptors.
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